Background Previous studies have shown that MRI of fresh hamstring injuries have diagnostic and prognostic value. The clinical relevance of MRI at return to play (RTP) has not been clarified yet. The aim of this study is to describe MRI findings of clinically recovered hamstring injuries in amateur, elite and professional athletes that were cleared for RTP. Methods We obtained MRI of 53 consecutive athletes with hamstring injuries within 5 days of injury and within 3 days of RTP. We assessed the following parameters: injured muscle, grading of injury, presence and extent of intramuscular signal abnormality. We recorded reinjuries within 2 months of RTP. Results MRIs of the initial injury showed 27 (51%) grade 1 and 26 (49%) grade 2 injuries. Median time to RTP was 28 days (range 12-76). On MRI at RTP 47 athletes (89%) had intramuscular increased signal intensity on fluidsensitive sequences with a mean longitudinal length of 77 mm (±53) and a median cross-sectional area of 8% (range 0-90%) of the total muscle area. In 22 athletes (42%) there was abnormal intramuscular low-signal intensity. We recorded five reinjuries. Conclusions 89% of the clinically recovered hamstring injuries showed intramuscular increased signal intensity on fluid-sensitive sequences on MRI. Normalisation of this increased signal intensity seems not required for a successful RTP. Low-signal intensity suggestive of newly developed fibrous tissues is observed in one-third of the clinically recovered hamstring injuries on MRI at RTP, but its clinical relevance and possible association with increased reinjury risk has to be determined.
INTRODUCTION
MRI has been validated for the diagnosis and prognosis of acute hamstring injuries and is frequently used in these common injuries, especially in the elite athlete. [1] [2] [3] [4] [5] [6] [7] [8] [9] Follow-up MRI has been suggested to monitor recovery after injury and support decisions for return to play (RTP), but has not been validated yet. 7 10 Hamstring injuries are characterised by a high reinjury rate of 14-63% within 1 year. 5 11-17 The reinjury is often more severe and associated with a longer absence from play. 15 It has been hypothesised that reinjuries may be related to altered muscle mechanics due to fibrous tissue formation, reduced strength due to disuse atrophy, pain and/or reflex inhibition or to a premature RTP. 11 18-21 Although there is no consensus as to when an athlete can safely RTP, in clinical practice an athlete is typically regarded as being ready once full range of motion, full strength and functional sport-specific activities (eg, sprinting, jumping and cutting) can be performed asymptomatically. 10 18 22 Despite this conventional approach, the decision whether an athlete can safely RTP remains challenging. 18 23 This is reflected in the high number of reinjuries that occur shortly after RTP, as it has been reported that 59% occur within the first month after RTP. 24 Obviously, there is a need for assessment tools, which can discriminate between those athletes ready and athletes not ready for RTP.
Imaging modalities may have a role in assisting a safe RTP. 7 10 Little is known about the value of MRI in monitoring recovery and RTP decisions. Connell et al 2 found that increased signal intensity on fluid-sensitive sequences consistent with oedema may persist after resolution of clinical symptoms with 36% (15/42) having persistent abnormal findings on MRI at 6 weeks after the onset of injury. Similarly, Askling et al 3 reported increased signal intensity on fluid-sensitive sequences on MRI 6 weeks after the onset of injury in 17 of 18 athletes. Long-term MRI observations on hamstring injuries have been reported by Silder et al, 21 where 5-23 months after hamstring injury, increased lowsignal intensities, suggestive of fibrous tissues, were found in 11 of 14 participants. These studies did not relate the MRI observations to RTP.
Two previous studies have reported MRI findings at RTP. Sanfilippo et al 25 found at RTP in 25 athletes, that on average 20% of the muscles' crosssectional area still showed increased signal intensity on fluid-sensitive sequences on MRI. In the second study of the same research group Silder et al 26 reported that none of 21 athletes had complete resolution of the increased signal intensity on MRI after being cleared to RTP and that most participants showed early signs of scar tissue formation. Detailed information regarding the presence and extent of fibrous tissues at RTP is not reported. If MRI is to be used in facilitating RTP decisions then observations, which can discriminate between a successful and unsuccessful RTP, should be identified.
Our hypothesis is that normalisation of increased signal intensities on fluid-sensitive sequences on MRI is not required for a successful RTP and that low-signal intensity suggestive of fibrous tissues may be observed in the majority of clinically recovered hamstring injuries at RTP. The aim of this study is to describe MRI findings of hamstring muscles in athletes, who have clinically recovered from an acute non-contact hamstring injury, and were cleared for RTP.
METHODS Subjects
At inclusion, informed consent was obtained from all patients. Approval was obtained from the Open Access Scan to access more free content
Regional Ethical Committee of South West Holland and the Ethical Committee of Aspetar, Qatar Orthopaedics and Sports Medicine Hospital. The patients in this study consist of cohorts of two ongoing double-blind randomised controlled trials (RCTs) on the effect of platelet-rich plasma in hamstring injuries: Dutch trial register number 2771 and ClinicalTrial.gov number NCT01812564. The first multicentre RCT started in February 2011 and was performed at the sports medicine departments of a large general district hospital, a university hospital and the medical centre of the national football association (Dutch cohort). In this study participants were randomised into an intervention group or a control group. The intervention group received two injections of 3 mL PRP; Autologous Conditioned Plasma, Biocore, Arthrex Inc, Karlsfeld, Germany) and the control group received two injections of 3 mL saline at the site of the injury. The first injection was performed within 5 days of the injury and the second injection 5-7 days later. The other RCT started in November 2009 and was performed in a specialised orthopaedic and sports medicine hospital (Qatar cohort). In this study participants were randomised into three groups: one group received an injection of 3 mL PRP (Biomet Recover, USA), one group received an injection of 3 mL platelet-poor plasma and one group received no injection. The injections were given using a sterile ultrasound-guided technique into the region of maximal muscle injury, as determined by the initial MRI. Three separate depots of 1 mL were injected. 27 All participants completed a standardised physiotherapy programme, including a range of motion exercises, progressive strength exercises, core stability training and agility exercises.
The eligibility criteria for the present study are presented in table 1. In the first cohort the clinical diagnosis of the hamstring injury was made by six registered sports medicine physicians with 3-25 years of clinical experience in medical care of professional club and national team athletes in sports where hamstring injuries are common (football, futsal (indoor football), rugby, field hockey and squash). The functional criteria-based rehabilitation programme was supervised by a sports physiotherapist and clearance was given for RTP once they successfully and asymptomatically completed the physiotherapy programme, including functional sport-specific activities. In the second cohort the clinical diagnosis of the hamstring injury and the clearance for RTP was performed by eight registered sports medicine physicians with 7-20 years clinical experience, covering medical care of professional club and national team athletes where hamstring injuries are common ( predominantly football, rugby, track and field). The guideline criteria to assist RTP decision included: successfully and asymptomatically completing the functional criteria-based four-staged physiotherapy programme, including a final supervised sport-specific (outdoor) training phase and less than 10% side-to side-difference at isokinetic strength testing. After RTP clearance, athletes were advised to complete 5 days of team training before participating in partial match play.
Magnetic resonance imaging
In each participant, MRI of the injury was performed twice: within 5 days from initial injury and within 3 days of RTP. The MRI of the initial injury was performed prior to the injection procedure.
MRI protocol
Two comparable MRI protocols were used. The protocol in the first RCT was a modified version of the protocol described by Askling et al. 3 To locate the area of the injury the entire hamstring of the injured limb was visualised by obtaining coronal and sagittal short-tau inversion recovery (STIR) images from the ischial origin of the hamstring muscles to insertion on the fibula and the tibia (repetition time/echo time (TR/TE) of 3500/31 ms, field of view (FOV) of 300 mm and a 256×320 matrix). Subsequently, transversal STIR (TR/TE of 3500/31 ms, FOV of 300 mm and a 205×256 matrix), T1-weighted (TR/TE of 500/ 12 ms, FOV of 300 mm and a 355×448 matrix) and T2-weighted (TR/TE of 4080/128 ms, FOV of 300 mm and a 355×448 matrix) images were obtained from the injured area. The thickness of the slices for all sequences was 5 mm. MRI were obtained with a 1.5-T magnet system (Magnetom Essenza, Siemens) with the use of a body matrix coil.
In the second RCT MRI were obtained of the hamstring muscles with a 1.5-T magnet system (Magnetom Espree, Siemens) with the use of a body matrix coil. First coronal and transversal fast-spin echo proton density (PD) weighted images (TR/TE of 3000/32ms, FOV of 240 mm, slice thickness of 5 mm and a 333×512 matrix) were obtained. Subsequently coronal and transversal fast-spin echo PD fat saturation (PD-FS) images (TR/TE of 3000/32ms, FOV of 240 mm, slice thickness of 3.5 mm, a 326×512 matrix for the coronal images and TR/TE of 3490/27ms, FOV of 320 mm, slice thickness of 3.5 mm, a 333×512 matrix for the transversal images) were obtained.
MRI assessment
Each MRI was assessed by one of two radiologists, each with more than 9 years of experience in musculoskeletal radiology (EA and MM). The radiologists were blinded for the information on whether the MRI was of the initial injury or at RTP. For assessment of the MRIs we used standardised scoring forms based on the literature. 2 4 6 21 28 We measured the increased T2-signal intensity for the affected hamstring muscle in craniocaudal, transverse and anterior-posterior dimensions on the fluid-sensitive sequences (STIR or PD-FS). We recorded the longitudinal length (craniocaudal) and calculated the involved cross-sectional area as a percentage of the total muscle crosssectional area in the transversal plane. We measured the extent of low signal on T1-weighted images similarly in the three planes. We recorded the involved muscle(s) and performed grading of the injury using a modification of Peetrons classification 4 28 : grade 1-increased signal intensity on fluid-sensitive sequences without evidence of a macroscopic tear, grade 2-increased signal intensity on fluid-sensitive sequences with a partial tear, and grade 3-total muscle or tendon rupture. Increased signal intensity was defined as an abnormal intramuscular increased signal compared to the unaffected surrounding muscle tissues. Identically, the low-signal intensity was defined as an abnormal intramuscular low-signal intensity compared to the surrounding muscle tissues. Good to excellent interobserver and intraobserver reliability was found for the used MRI parameters in a previous study. 29 
Reinjury
We recorded acute hamstring injuries that occurred within 2 months after RTP at the same site as reinjuries. 15 
Analysis
We performed all statistical analysis with SPSS software (V.20.0; SPSS, Chicago, Illinois, USA). We analysed frequencies of the presence of intramuscular signal abnormalities, involved muscles and extent of intramuscular signal abnormalities using descriptive statistics. We tested the normality of the data with the Kolmogorov-Smirnov test: when p>0.05 we considered data normally distributed. We analysed differences in the extent of the intramuscular increased signal intensity on fluid-sensitive sequences over time using the dependent t test when normally distributed and the Wilcoxon's signed-rank test when there was non-parametric distribution.
RESULTS
We included 53 consecutive patients in the analysis. The patient characteristics are presented in table 2. The median time to RTP was 28 days (range 12-76 days). The median time between injury and the first MRI was 2 days (range 1-5 days). The median time between the second MRI and RTP was 2 days after RTP (range 3 days before-3 days after RTP). The median time between the last injection and the MRI at RTP was 23 days (range 5-71 days).
MRI findings
MRIs of the initial injury showed 27 (51%) grade 1 and 26 (49%) grade 2 injuries. Intramuscular increased signal intensity on fluid-sensitive sequences was present in 89% of the MRIs at RTP (figures 1 and 2). The characteristics of intramuscular abnormal increased signal intensity on fluid-sensitive MRI sequences of the initial injury as well as at RTP are presented in table 3.
Intramuscular abnormal low-signal intensity was present in 42% of the MRIs at RTP (figure 3). The characteristics of intramuscular abnormal low-signal intensity on MRI, measured on T1-weighted images, of the initial injury as well as at RTP are presented in table 4. Three participants (6%) showed no intramuscular signal abnormality on MRI at RTP.
Reinjury
We recorded five (9%) reinjuries within 2 months after RTP. The reinjuries occurred at 2, 4, 5, 7 and 38 days after RTP. The presence and extent of increased signal intensity on fluidsensitive sequences and fibrosis on MRI at RTP of participants with reinjuries compared to participants without reinjuries are presented in table 5.
DISCUSSION
The major finding of this study is that in 89% of clinically recovered grades 1 and 2 hamstring injuries we observed intramuscular increased signal intensity on MRI on fluid-sensitive sequences at RTP. Low-signal intensity, suggestive of fibrous tissues, was observed in 42% of the clinically recovered grades 1 and 2 hamstring injuries on MRI at RTP.
The present study provides a detailed description of the MRI findings at RTP after hamstring injuries and is the largest series currently published on this topic. Two previous published studies found that increased signal intensity is still present on T2-weighted images in athletes cleared for RTP. 25 26 These findings are consistent with the findings of the present study. The present study provides additional information on the presence and extent of increased signal intensity on fluid-sensitive sequences (oedema) as well as decreased signal intensity (fibrous tissues).
Several published clinical guidelines incorporated follow-up imaging to monitor progression after hamstring injury. 7 10 It is unknown as to what extent intramuscular increased signal on fluid-sensitive sequences on MRI, found in 89% of the athletes reflects ongoing muscle damage in recovering muscle. While the extent of the muscle signal intensity alteration on fluid-sensitive sequences is decreased at RTP compared to the initial injury, there is an overlap between the extent of the signal intensity alteration found in the initial injury and at RTP. Thus, there are clinically recovered athletes in which the amount of the increased signal intensity on fluid-sensitive sequences in the muscle at RTP exceeds that of other athletes at the time of initial injury. This suggests that the extent of the increased signal intensity seen on fluid-sensitive sequences does not delineate an injured from a recovered hamstring muscle. As almost all athletes that are clinically recovered and successfully returned to play showed increased signal intensities on fluid-sensitive sequences, some even with extensive signal abnormalities, RTP decisions after hamstring injuries should not depend on MRI features. Schneider-Kolsky et al 9 reported only moderate correlation between clinical assessment using functional tests and MRI findings and showed that functional testing was more accurate than MRI assessment for predicting time required to RTP in fresh injuries. These studies support that functional performance of the athlete should be leading in rehabilitation and RTP decisions, rather than time dependent related to imaging findings. 10 30 MRI of an acute injury has a role in determining the involved muscle(s) and the location of the injury, but should not be used in RTP decisions.
In the present series five athletes sustained a reinjury, of which four (80%) had increased signal intensity on fluidsensitive sequences observed on MRI at RTP compared to 90% of the participants that did not sustain a reinjury. The extent of this increased signal intensity reveals a similar pattern in the reinjured as well as non-reinjured athletes (table 5) . Although there is insufficient statistical power to study the association between increased signal intensity on fluid-sensitive sequences and reinjury risk, the observation that in 90% of the athletes without a reinjury increased signal intensities on fluid-sensitive sequences are present on MRI at RTP, suggests that normalisation of this increased signal intensity is not required for a successful RTP.
Increased signal intensity on fluid-sensitive sequences on MRI is considered to reflect increased intracellular or extracellular free water (typically 'muscle oedema'). 31 32 However, there remains limited understanding of the pathophysiological significance of either increased signal intensity on fluid-sensitive sequences, or oedema in acute muscle injuries, a point recently highlighted by an expert's consensus statement on muscle injuries. 33 Muscle damage is associated with an inflammatory response as well as oedema, both of which can result in increased signal intensity on fluid-sensitive sequences. 34 The long-term persistence of this increased signal after injury does not seem to fit with the temporal changes of inflammation and oedema. 35 What this increased signal intensity exactly reflects, at the initial muscle injury as well as during recovery, is unclear. This should be clarified in future studies. Importantly, our observations suggest that the increased signal intensity seen on fluidsensitive sequences on MRI in clinically recovered hamstring injuries has no relevance for a successful RTP and hence the clinical relevance of increased signal intensity is dubious.
In the present study 42% of the cases had low-signal intensity, indicating fibrous tissues, at RTP. Although, as pathological correlation is lacking, the exact nature of this low-signal intensity is unknown. In four cases the low-signal intensity was present at the initial injury, suggesting a previous injury or other mechanism. Thus, 18 of 53 (34%) injured athletes developed new lowsignal intensity at the site of the injury. Clinical studies showed that the low-signal intensity of fibrous tissues could persist in the long-term on MRI. 2 21 The formation of fibrous tissues alters muscle stiffness and is frequently reported as a risk factor of reinjury, 20 21 36 37 although evidence from clinical studies confirming that fibrosis increases the risk of reinjury is absent. In the present series five participants sustained a reinjury, of which four (80%) had fibrosis observed on MRI at RTP compared to 38% of the participants that did not sustained a reinjury. At first sight there seems to be a tendency that the fibrosis at RTP, seen as low-signal intensity on MRI, is associated with an increased risk of reinjury. Given its multifactorial origin, the limited number of reinjuries and insufficient power, it remains however unclear if there is an association between fibrosis on MRI and reinjury risk. Future studies with more participants are needed to examine the prognostic value of fibrosis for reinjuries.
The participants in the present study were participants of two RCTs on the effect of PRP. As a part of these double-blind placebo-controlled studies participants received either no injection or intramuscular injections with PRP, platelet-poor plasma or normal saline. The effect of these injections on hamstring muscle healing is still unknown. A potential limitation of this study is that the injections given 5-71 days before the MRI at RTP might influence the findings of the MRI. It could be hypothesised that the needle and/or the injected fluid increase the increased signal intensity on fluid-sensitive sequences. However, histological studies in animals show that intramuscular saline injections result in only minimal oedematous changes within the first 2 days. 38 39 It therefore seems unlikely that the saline injections substantially influence the MRI findings at RTP. Little is known about the effect of PRP injections on muscle oedema. A recent histological study on animals found that healthy muscle tissues injected with PRP showed an inflammatory response with oedema and necrosis followed by fibrosis, similar to the traditional acute healing response in injured muscles. 40 MRI analysis of recovering muscle injuries after PRP injections have been reported previously. 27 41 In a pilot study Wright-Carpenter et al 41 reported nearly completed regression of the muscle increased signal intensity on fluid-sensitive sequences in 18 athletes with muscle injuries treated with PRP injections at 14-16 days after injury. Their treatment regime consisted a mean of 5.4 injections of 5 mL PRP with 2 days between the injections. In a case report Hamilton et al 27 found a resolution of increased signal intensity on fluid-sensitive sequences in 17 days after hamstring injury treated with a single 3 mL PRP injection. Although controlled trials comparing MRI analysis after PRP injections with no injections are lacking, the findings in these reports suggest accelerated reduction of the increased signal intensity on fluid-sensitive sequences after injection of PRP rather than prolongation. For generalisation to populations without PRP injections the present study might underestimate the amount of increased signal intensity on fluid-sensitive sequences found on MRI of clinically recovered hamstring injuries.
Another limitation is that we analysed two different cohorts with some differences in criteria for clearance for RTP in this study. There are however, still no validated criteria to ascertain whether an athlete is recovered from the injury and ready to RTP. This lack of validated criteria is emphasised by the differences of definitions and criteria used in scientific research as well as clinical practice. 18 22 42 Our study reflects this common clinical challenge. On the other hand, our data on RTP are comparable with other studies and representative for a prospective cohort of acute hamstring injuries. 1 2 4 6 9 Furthermore, this heterogeneity increases the external validity and generalisability for daily clinical practice where heterogeneous RTP criteria are used.
A second minor limitation of the analysis of two cohorts is that two slightly different MRI protocols were used: STIR and T1-weighted images in the first cohort and PD-FS and PD images in the second cohort. In scientific research and clinical practice, however, these sequences are all used in MRI of muscle injuries. 43 This heterogeneity can be considered a minor weakness of present study, although it increases the external validity and generalisability for clinical practice where both protocols are used.
With our cohort we cannot exclude possible gender and age bias. Generalisation of the findings to female athletes and athletes under the age of 18 years should therefore be made with caution.
In summary, we reported the MRI findings of 53 consecutive athletes, after acute non-contact grades 1 and 2 hamstring injury, who were cleared for RTP. Eighty-nine per cent of the injuries showed intramuscular increased signal intensity on fluidsensitive sequences on MRI at RTP. Normalisation of this increased signal intensity on MRI does not seem required for a successful RTP. Low-signal intensity suggestive of newly developed fibrous tissues at the site of the injury was observed in 34% at RTP. Five reinjuries were recorded. Given this limited number and insufficient power, the possible association of the MRI observations at RTP with increased reinjury risk has yet to be determined. What are the new findings?
▸ The majority (89%) of the clinically recovered hamstring injuries showed intramuscular increased signal intensity on MRI at return to play (RTP). ▸ Low-signal intensity suggestive of newly developed fibrous tissues at the site of the injury is observed in one-third of the clinically recovered hamstring injuries on MRI at RTP.
How might it impact on clinical practice in the near future?
▸ The findings of present article support clinicians with the interpretation of follow-up MRI after acute hamstring injury: -Normalisation of the increased signal intensity (oedema) on MRI is not required for a successful return to play (RTP). -Increased signal intensity (oedema) on MRI of clinically recovered hamstring injuries does not seem to have clinical relevance for RTP decisions. -Low-signal intensity, suggestive of fibrous tissues, might be associated with increased reinjury risk, but its clinical relevance has yet to be determined.
